INTRODUCTION
Crohn's disease (CD) is a chronic inflammatory condition of the gastrointestinal tract belonging to the group of Inflammatory Bowel Diseases (IBD) that results in a considerably decreased quality of life. The incidence and prevalence of CD are increasing with time and in different regions around the world [1] . The highest reported prevalence rates per 100,000 persons were 322 in Europe, 318.5 in North America, and 67.9 in Asia and the Middle East [1] . In Japan, the prevalence of CD reached 26.8 per 100,000 in 2010 [2] .
Given the chronic and progressive nature of the disease, the main goal of the treatment is to stop progression, reduce and control symptoms, reduce the risks of complication, and maintain nourishment to improve the quality of life of patients [3] . Therefore, the long-term management as well as treatment persistence is very important.
CD management includes drug, nutritional and surgical therapies. However, it has been shown that the standard therapies for CD patients have several limitations; treatment with immunosuppressants is associated with adverse events risk [4] , and treatment with corticosteroids is not adequate for the maintenance of clinical remission [5] .
Monoclonal antibodies, targeting tumor necrosis factor (TNF)-a, are considered the treatment of choice in patients with CD [6] .
In Japan, the available anti-TNF treatments for CD are infliximab (IFX) and adalimumab (ADA). IFX was the first TNF-a chimeric monoclonal antibody introduced for the treatment of CD in 2002. It is administered intravenously at a dose of 5 mg/kg body weight at weeks 0, 2, and 6 for induction. The standard dose of maintenance IFX therapy is 5 mg/kg of body weight administered every 8 weeks [7] .
ADA is administered subcutaneously and is prescribed at an induction dose of 160 mg at week 0 and 80 mg at week 2. The standard maintenance dose is 40 mg administered every 2 weeks [8] [9] [10] .
Clinical trials have demonstrated the efficacy and safety of ADA and IFX in the induction and maintenance of remission in patients with moderate to severe CD, in particular in Japanese patients [7, 8, [11] [12] [13] . However, treatment outcomes in the real-world setting might differ from clinical trials, as patients' profiles may be more diverse and patients may not strictly adhere to a regular injection schedule. Several real-world studies have demonstrated that despite the high response rate, the response to ADA or IFX is lost over time, leading the efficacy of treatment waning (and consequently dose increase) to treatment discontinuation or to treatment switch [14] [15] [16] [17] [18] [19] [20] [21] [22] .
However, to date, there is limited real-world Japan-specific evidence in the literature regarding loss of response and treatment persistence.
The primary objectives of this study were: (1) to estimate the probability of treatment failure in the induction phase with ADA or IFX and (2) to estimate the probability of persistence in the maintenance phase with ADA or IFX. The secondary objective was to estimate the probability of dose escalation in the maintenance phase with ADA or IFX.
Exploratory objectives were to estimate the probabilities of adverse events and surgical procedures in the maintenance phase.
METHODS

Study Design and Data Source
This study was a retrospective observational cohort analysis of CD patients enrolled in the Japan Medical Data Center (JMDC) database. classification, as well as health care procedures defined using Japan-specific standardized procedure codes [25, 26] .
Ethical Considerations
The protocol was submitted to Kitasato University Hospital's Ethics Committee, but the study was exempted from ethical review, since no personally identifiable data were used in the JMDC extraction for the current study. Patients were identified via a unique anonymized code assigned by JMDC and the authors did not have access to the original data containing personal information.
Study Population
The study population was identified based on members' medical and pharmacy claims data. To meet the objectives of the study, two populations of interest were identified. The population #1-called induction analyses population-included patients who: (1) had a prescription of ADA or IFX between January 2012 and February 2015 (the first prescription date of ADA or IFX was called the ''index date''); who (2) had a claim associated with a confirmed diagnosis of CD before or at the same time than the index date, between January 2012 and February 2015; who had (3) no prescription of ADA or IFX, initiated or ongoing, in the 6 months before the index date, and (4) a minimum of 17 weeks of valid insurance status after the index date. A 17-week follow-up was required, as the discontinuation of IFX treatment was assessed up to 17 weeks after the index date.
The population #2-called maintenance analyses population-was a subpopulation of population #1 who (1) completed the induction phase of ADA or IFX and entered the maintenance phase with the same treatment and who (2) had at least 12 months of valid insurance status after the initiation of maintenance. In addition, two subgroups of interest were defined: patients with or without immunosuppressant therapy after the index date.
Definitions of Variables and Outcomes
A confirmed CD diagnosis was identified in medical claims data, using the ICD-10 code ''K50'' and a diagnosis without a suspicious flag in the database. Prescriptions of ADA or IFX were identified in the pharmacy claims data based on ATC codes ''L04B-''.
Patients 
Persistence in the Maintenance Phase
Persistence in the maintenance phase was assessed among the population #2 and was defined as the absence of switch or discontinuation in the post-induction phase. Switch in the maintenance phase was defined as at least one prescription of ADA within 2 weeks following an IFX prescription among patients initiating maintenance treatment with IFX, or vice versa.
For the IFX group, discontinuation in the maintenance phase was defined as: (1) no IFX prescription up to 70 days (10 weeks) after the last prescription date and (2) no infections, surgeries, or immunostimulant therapy within 12 weeks from the last prescription date.
For the ADA group, a patient was considered to have discontinued treatment after the 'nth' prescription at time t n with a quantity q n if there was: (1) no ADA prescription renewal up to (t n ? 1 ? 14) days (t n ? 1 was defined as the expected next prescription date, according to the quantity prescribed q n ) and (2) no infections, surgeries, or immunostimulant therapy within 12 weeks from the last prescription date t n . In other words, discontinuation was assumed to occur if no prescription renewal occurred within 2 weeks following the expected date of renewal and there was no infection justifying the delay to prescription renewal.
Dose Escalation in Maintenance Phase
Dose escalation in the maintenance phase was assessed among population #2 and was defined as an increase in maintenance therapy dosage or a reduction in the interval between maintenance therapy prescriptions.
For IFX prescriptions, dose escalation was defined as: (1) at least two successive prescriptions with a number of vials exceeding by 2 the number previously prescribed (e.g., three vials to five vials, three vials to six vials, etc.), or at least two successive intervals between injections of less than 6 weeks (5 mg/kg every 6 weeks or shorter instead of 5 mg/kg every 8 weeks). For ADA prescriptions, dose escalation was defined as: (1) at least two successive prescriptions which showed an increase in maintenance therapy dosage (e.g., from 40 mg every 2 weeks to 80 mg every 2 weeks) or (2) at least two successive reductions in the frequency of prescriptions, defined as an increase in the number of prescribed syringes per prescribed duration.
Exploratory Outcomes
Adverse events were identified in medical claims data using ICD-10 codes; these included infections, anemia, neoplasms, nutritional and metabolic diseases, diseases of the respiratory system, and diseases of the digestive system. Adverse events were defined as confirmed diagnosis (without a suspicious flag) occurring for the first time in patient history, after the index date. Surgery was identified using Japan-specific procedure codes [26] .
Immunostimulants, immunosuppressant, leucocyte removal therapy, and enteral nutrition therapies were identified using ATC codes. Complications (fistulas or obstructions) were assessed in the pre-index period (3 months prior to the index date), and were defined using ICD-10 codes with a confirmed diagnosis. The full list of codes (ATC, ICD-10, and procedure codes) is provided in the Supplementary Materials (Tables S5, S6 , and S7).
Statistical Analyses
Categorical variables were compared between treatment groups using the Chi-square test or
Fisher's exact test, and continuous variables were compared using the Student's t or Wilcoxon tests. Study outcomes were described over 12 months and 24 months of follow-up, respectively. Times from maintenance date to switch, to discontinuation, and to dose escalation were described using Kaplan-Meier survival curves, stratified by treatment group and for all patients (ADA or IFX). Kaplan-Meier curves were compared between treatments using the Log-rank test.
Only the month and year were available for the date of claims and diagnoses in the JMDC database. However, the full date including the day (DD/MM/YYYY) was available for the majority of prescriptions (dates were missing in 6% of ADA and IFX prescriptions) and health care procedures (dates were missing in 9% of procedures). An imputation algorithm was created to complete missing dates of ADA and IFX prescriptions, based on the theoretical delay between prescriptions (the detailed algorithm is provided in the Supplementary Material [ Fig. S10]) . The other missing days (dates of prescriptions other than ADA or IFX and dates of procedures and diagnoses) were imputed using the corresponding claim date when available; alternatively, the 15th of the month was used.
A sensitivity analysis was conducted to assess the impact of changing the definition of discontinuation on the results of persistence in the maintenance phase. The time window in the definition was varied by ±7 days (i.e., for the IFX group, the time widow was varied from 63 to 77 days; and for the ADA group, it was varied from (t n ? 1 ? 7) days to (t n ? 1 ? 21) days).
Analyses were conducted using the SAS statistical software version 9.3 (SAS Inc., Cary, NC, USA).
RESULTS
Study Population
From January 2012 to February 2015, 150 CD patients treated with ADA or IFX met the inclusion and exclusion criteria. Of these patients, 133 (53 ADA; 80 IFX) had at least 17 weeks of follow-up after the index date (Fig. S1 , Supplementary Material).
The majority of patients were male (84.2%), with individual-level insurance, and the mean age was 34.4 years (SD = 13.0. The mean follow-up time was 18.4 months (SD = 9.7). The average number of biologics prescriptions after the index date was 17.1 (SD = 12.5) for patients initiating their treatment with ADA and 10.3 (SD = 5.8) for the IFX group (Table 1) .
Around 32% of patients were prescribed immunosuppressant therapy after the index date in both treatment groups. Nutrition prescriptions were frequent; 71.7% of patients who initiated their treatment with ADA had enteral nutrition prescription after the index date, compared to 66.2% in IFX group (Table 1) .
Failure in Induction Phase
Among patients who initiated their treatment with ADA or IFX (population #1-133 patients), 26 patients (19.6%) switched or discontinued their treatment during the induction phase.
Among patients who initiated their treatment with ADA, 88.7% completed induction phase and moved to maintenance phase with the same treatment, compared to 75.0% for IFX group (p = 0.051) ( Table 2 ). Treatment discontinuation occurred in 11.3% and 21.3% of patients in the ADA and IFX groups, respectively. No patient in the ADA group switched treatment during induction phase (Table 2) .
Persistence in Maintenance Phase
Among patients who had completed induction phase and entered maintenance phase with the same treatment (107 patients), 64 patients (33 ADA, 31 IFX) had at least 12 months of valid insurance enrolment after the initiation of maintenance (population #2). Of these, 13 patients (5 ADA, 8 IFX) had at least either a switch or discontinuation event within 12 months after the initiation of maintenance (Table S1 , Supplementary Material).
Over 12 months following the initiation of maintenance, the probability of a switch or discontinuation was 15.2% for the ADA group versus 20.9% for IFX group (p-log rank = 0.7764) (Fig. 1) . The sensitivity analyses showed that the difference in the probability of switch or discontinuation remained non-significant when the time window was decreased or increased by 7 days (decreased time window: 28.0% vs 23.4% for ADA and IFX, respectively, p-log rank = 0.2142; increased time window:
13.1% vs 19.0% for ADA and IFX, respectively, p-log rank = 0.7572).
Dose Escalation in Maintenance Phase
Among population #2, eight patients (12.5%) had dose escalation within 12 months after the initiation of maintenance. The probabilities of dose escalation at 12 months after the initiation of maintenance were 5.0% and 20.7% for ADA and IFX, respectively (p-log rank = 0.0762) (Fig. 2) .
For each treatment group, dose escalation was assessed for patients treated with or without immunosuppressant therapy after the index date. For patients treated with IFX, the 12-month probability of dose escalation was significantly higher in patients treated with immunosuppressant compared to patients not treated with immunosuppressant (60.6% vs. 7.1%, respectively; p-log rank \0.0001). Dose escalation occurred in one ADA patient without immunosuppressant prescription, and in no patients treated with immunosuppressant (Table S2 , Supplementary Material).
Complications and Concomitant Therapies
The probability of surgical procedures over 12 months following the index date was 15.4% and 17.5% for ADA and IFX groups, respectively. Two patients in the IFX group had leucocyte removal therapy within 12 months after the index date (beginning of Table 1 continued Population #1 (n 5 
DISCUSSION
This retrospective analysis of data from the JMDC claims database for 150 Japanese patients with CD treated with ADA or IFX between 2012 and 2015 showed trends towards less instances of treatment failure during the induction phase and higher persistence and lower probability of dose escalation during the maintenance phase in ADA, compared to IFX. However, the differences were not statistically significant (p = 0.051).
To the best of our knowledge, this is the first retrospective study that describes ADA and IFX treatment-related events based on Japan-specific claims data. The added value of this study is the provision of real-world data which could be seen to be of higher relevance in terms of understanding actual clinical practice compared to clinical trial or single center studies.
In the current study, patients were considered to have failed induction treatment if they switched or discontinued index treatment within 4 or 14 weeks, for ADA and IFX initiators, respectively. In the literature, failure in the induction phase was most often called primary non-response and defined as no clinical improvement at the end of the anti-TNF induction phase [22, 27] . Our data showed that &20% of patients did not complete induction therapy on ADA or IFX, which is in agreement with previously published clinical data on the efficacy of anti-TNFs [22, 23, 28] [23] . This suggests that our definition of treatment failure, based on claims data only, provides a good proxy of primary non-response.
However, our analysis also showed that frequent changes in treatment occurred during the maintenance phases: switches, discontinuations, or dose escalations. Overall, the probability of switch or discontinuation over 12 months following the initial response to induction therapy was 20.3% (15.2% for ADA group and 25.8% for IFX group). These rates are consistent with published data on anti-TNF persistence from retrospective studies in other countries-rates of discontinuation ranged from 15% to 35% [15, 20, 29] . Gonzaga et al.
(US) reported that 27% of 153 CD patients, who received maintenance therapy with IFX, discontinued their treatment within 12 months of maintenance therapy [15] . A recent multicenter retrospective study in the US by Rosh et al. showed that the 12-month probability of discontinuation after ADA initiation in IBD patients was approximately 15% (Kaplan-Meir estimate) [20] . A recent Italian administrative database study in CD adult patients treated with anti-TNFs (ADA, IFX, and etanercept) showed that treatment persistence (defined as the absence of switches or treatment interruptions after anti-TNF treatment initiation) was somewhat lower than in our study for ADA patients: 78% for IFX and 65% for ADA [29] .
The secondary outcome assessed in the current study was the rate of dose escalation, ADA adalimumab, IFX infliximab * Continuous variables were compared using the student test or the Wilcoxon test; categorical variables were compared using the Chi-square test or the Fisher's exact test a List of other adverse events: Endocrine, nutritional and metabolic diseases, diseases of the skin and subcutaneous tissue, diseases of the musculoskeletal system and connective tissue, diseases of the genitourinary system, symptoms, signs and abnormal clinical and laboratory findings, injury, poisoning, and certain other consequences of external causes which may be interpreted as a proxy of secondary loss of response. In our study, eight patients, representing 12.5% of the study population entering the maintenance phase, required dose increase and or interval reduction between ADA or IFX prescriptions during a 12-month follow-up period. This rate is lower than that obtained from previously published clinical trial data (12-month rates ranged between 23% and 46%) [30] . This wide variability in loss of response rates across characterized it by switch, discontinuation, or an occurrence of a surgical intervention [30] .
On the other hand, when we compared our study results to real-world published data, where authors adopted dose escalation as a definition of loss of response, we found also higher rates ranging from 23% to 55% [14, 16, 17, 19, 21, 22, 31] , but the majority of those studies had a longer follow-up compared to our study. In the current study, the probability of adverse events was investigated in an exploratory manner, based on the claims database. Due to the nature of the JMDC data, the oldest reported diagnosis of an adverse event did not necessarily correspond the first date of the symptoms appearance, which would have led an overestimation of adverse events. Nevertheless, further evaluation of this outcome is required based on data from prospective studies or chart reviews.
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